In Xenopus laevis four estrogen-responsive genes are expressed simultaneously to produce vitellogenin, the precursor of the yolk proteins. One of these four genes, the gene A2, was sequenced completely, as well as cDNAs representing 75% of the coding region of the gene. From this data the exon -intron structure of the gene was established, revealing 35 exons that give a transcript of 5,619 bp without the poly A-tail. This A2 transcript encodes a vitellogenin of 1,807 amino acids, whose structure is discussed with respect to its function. At the nucleic acid as well as at the protein level no extensive homologies with any sequences other than vitellogenin were observed. Comparison of the amino acid sequence of the vitellogenin A2 molecule with biochemical data obtained from the different yolk proteins allowed us to localize the cleavage products on the vitellogenin precursor as follows : NH. -lipovitellin I -phosvitin (or phosvette II -phosvette I) -lipovitellin II -COOH.
termination method (14) and in a few cases by the chemical cleavage method (15) . The nucleotide sequences were handled on a Norsk Data N540 computer with different analysis programs kindly provided by Remy Fritz (LGME, Strasbourg).
Determination of the exon-intron structure
The boundaries of the first three exons were determined previously by RNA sequencing ( 
Nuciease SI mapping
Viteliogenin mRNA was purified from the liver of an estrogen-treated Xenopus laevis female as previously described (19) . A genomic Sau 3A -Eco RI fragment, containing the putative 3'-end of the vitellogenin gene A2 (position 16,547 to 17,459, see appendix), was labelled at the Sau 3A-site 32 with a-P-dGTP using the Klenow fragment of DNA polymerase I, and was used as probe. The SI nuclease analysis was performed as described by Walker £t al. (16) with the exception of the hybridization and SI nuclease digestion temperatures, which were 30°C and 25°C, respectively.
RESULTS AND DISCUSSION
Overall sequencing strategy and primary structure of the viteilogenin gene
A2
We have sequenced the entire vitellogenin gene A2 and its flanking regions using primarily the chain termination method. Fig. 1 and appendix) that has also been found elsewhere in the vitellogenin locus and has characteristics of a mobile genetic element (31). 6478 (14) 9280 (20) 9732 (21) 13989 ( (32) and the primary amino acid sequence of the vitellogenin A2 protein deduced from data presented in this paper. Phosvitin (P) was placed by centering it over the serine-rich domain. Then, amino acids were counted individually and bidirectionally along the primary vitellogenin sequence up to the known content; an ariiinoand a carboxy-proximal dot bounding this content were placed. Amino acid composition allowed us to give the putative positions of phosvette I and II (PVI + PVII) in the order shown. Lipovitellin I (LVI), the largest yolk subunit, can only be placed starting at the N-terminus of the secreted vitellogenin. This has been confirmed by sequencing the amino-end of LVI which corresponds to the one of secreted vitellogenin (data not shown). The carboxy-proximal boundary of the content for the different amino acids are indicated by dots. Lipovitellin II (LVI1) can be placed either adjacent to the putative C-terminus of phosvitin or at the very carboxy-end of vitellogenin. Amino acid content boundaries and sequence conservation compared to other vitellogenins (see text) favour the carboxy-proximal position. Minimal and maximal length with a dashed area inbetween is given for each yolk protein based on their minimal and maximal reported molecular weight.
comprised of the first 15 amino acids at the amino end of the primary translation product (Fig. 4 ).
As shown in Figure 3 
